The direction of the initial 20 to 30 msec forces of multiple unipolar and transseptal bipolar intraventricular electrocardiograms was examined in five patients with and five without incomplete left bundle-branch block (LBBB) and in one patient with complete LBBB. The data obtained were consistent with preservation of the normal left-to-right and apex-to-base direction of septal depolarization in patients with apparent, incomplete LBBB. Furthermore, no evidence of electromechanical delay in the left ventricle could be ascribed to this conduction defect. Until the minute details of normal and abnormal human septal excitation become known, it is suggested that the more descriptive and less mechanistic term "initial force abnormality" be substituted for "incomplete LBBB." Additional Indexing Words:
Winterberg.1 They observed that delayed conduction through a bundle branch could give rise to QRS complexes transitional between complete bundle-branch block and normal conduction. Subsequently, Segers2 reported such complexes in the electrocardiogram of a patient with intermittent complete LBBB.
An experimental basis for the concept of incomplete LBBB was provided by the studies of Sodi-Pallares and associates3-7 beginning in the 1950's. They obtained recordings from intramural and intracavitary electrodes in dogs with varying degrees of experimentally induced LBBB. They also made intracavitary recordings in humans with apparent incomplete LBBB. From these observations they concluded that there is a reversal in the direction of septal activation in incomplete LBBB similar to that found in complete LBBB, and they established criteria for diagnosis of the incomplete form from standard electrocardiograms.
Later Grant and Dodge8 challenged the existence of incomplete LBBB as a stable The recordings from the left ventricle all showed the initial negativity anticipated in normals, except in the one patient with complete LBBB (case 6). There was no difference in the direction of the initial forces recorded in the incomplete LBBB and control patients with one exception. In case 3 there was an initial notch on the descending limb of the QS complex ( fig. 2) Numerous objections havebeenraisedtothe use of intracardiac leads for detailed investigation of ventricular excitation: 8 10, 12, 15, 16 (1) The exact location of the exploring electrode, its proximity to the endocardium, papillary muscles, and interventricular septum is not known. (2) The electrode's position is not stable, but changes continuously within the beating heart under the phasic influence of respiration. (3) Such an electrode merely reflects the sum total of multidirectional electrical forces; it thus includes many cancellation effects and cannot indicate actual depolarization pathways. (4) Granted that these objections all have some validity, nevertheless, multiple transseptal leads should be expected to indicate the direction of early septal forces better than body surface leads for several reasons: (1) because of proximity to the septum; (2) because left and right-sided body leads cannot accurately depict the direction of forces across a septum which separates ventricles lying both anteriorly and posteriorly as well as leftward and rightward; and (3) because certain early free wall excitation forces may be separated from septal forces.
An example of this last reason is provided by the tracings of case 6, the man with complete LBBB (fig. 6 ). While initial positivity persists in leads V, and V2, initial negativity is present at multiple sites in the right ventricle both on unipolar and bipolar leads. This phenomenon has been noted previously and the right precordial R wave has been attributed to right ventricular free wall excitation. '3 25 Circulation, Volume XXXVI, August 1967 The methods of recording intracardiac electrocardiograms in the present study differ from those of previous investigations both in the transseptal approach to the left ventricle and in the use of more than one bipolar lead. Consequently recordings were made in patients suspected of having incomplete LBBB and, for comparison, in patients with norrnally directed initial forces.
None of the five patients wth indications of incomplete LBBB on body surface electrocardiograms appeared to have consistent reversal of septal activation on the intracardiac Circulation, Volurne XXXVI, A;gust 1967 recordings. The significance of the lesser magnitude of initial positivity on the bipolar recordings of the incomplete LBBB patients, compared to the controls, is uncertain. The longer duration of the initial R wave in the control patients (who did not have normal hearts) suggests that excitation of the ventricular free wall may contribute more to this deflection than to the smaller R wave of the patients with incomplete LBBB. The possibility must also be considered that septal activation really is abnormal in the incomplete LBBB group.
Among the lead systems used in this study, the unipolar left ventricular leads were the most consistent in indicating normally directed initial forces in both the incomplete LBBB and control groups. On the bipolar and unipolar right ventricular tracings of both groups, initial positivity was more consistent in the outflow tract than lower in the ventricle.
If data on ventricular activation from canine studies are applied to the normal excitation process of the human interventricular septum, there is some experimental evidence to account for the finding of initial positivity in the right ventricular outflow tract. Such studies, both in intact hearts and in the isolated perfused septum, have shown that the septum is depolarized mainly in an apex-to-base direction as well as a left-to-right direction.3 20 33 The reasons for these discrepancies remain unclear. One possibility suggested by BraunMenendez and Solari32 is that the duration of the pre-contraction phase provides a better index of the completeness of LBBB than does the QRS configuration; this implies that variations in this phase signify varying degrees of LBBB. Although the present study provides no information about this matter, further catheterization studies of patients with LBBB may yield such information and should lead to a better definition of the entire spectrum of left ventricular conduction defects.
